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I l n i t .  2-4,  R o l l i n s  H i l l s  Condo 
l . e n o y ,  MA 012.10 
20 November 199.1 

Dear Doct.or W i e s e l :  

T h i s  1et.t.er i s  t.o o f f e r  a comment. a n d  s i i g g e s t . i o n  c o n c e r n i n g  t.he c i l r r e n t .  a n d  
f o r t . h c o m i n g  celebration o f  t .he 50-year a n n i v e r s a r y  o f  t.he A v e r y ,  MacI,eod a n d  
McCart.y d i s c o v e r y .  T a m  a d d r e s s i n g  t . h i s  from t.he s t . a n d p o i n t .  o f  a p a r t . i c i p a n t .  o f  
t .he D N A  work  w h i c h  immedia t .e ly  f o l l o w e d  t.hat. great .  accompl idhment. .  

F i r s t . ,  h o w e v e r ,  T m i i s t .  of fe r  my 1At.e t.hank-yoii f o r  a l l  t h a t .  yoii h a v e  h e e n  d o i n g  
fo r  T h e  R o c k e f e l l e r  U n i v e r s i t y - - t o  w h i c h  m y  at.t.achrnent. i s  s t i l l  deep  a f t . e r  my 4 7  
years t . h e r e .  Recoming K m e r i t . i i s  i n  1 9 8 2 ,  and  r e t i r i n g  t.o SIINY, A l h a n y  as a d j i i n c t .  
f a c i i l t . y ,  j i i s t .  hefore yoii came t.o oiir campiis, T ' v e  not.  foi ind t.he opport . i ini t .y  t.o 
meet yoii d i i r i n g  t . h e s e  l a s t .  event.fi i1 years. T d i d  a n t . i c i p a t . e  yoiir g e n e r o i l s  
s t , imi i l i i s  t.o R o c k e f e l  l e r  I h i v e r s i  t.y, t .hoiigh, r e m e m h e r i n g  t.he w o n d e r f i i l  s p i r i t .  yo11 
a n d  n r .  Hiihel m a n i f e s t e d  h e f o r e  many of  lis at. C o l i i m h i a ' s  T.oiiisa Gross H o r w i t z  
d i n n e r  i n  1 9 7 8 ;  T was among t.he many who greet.ed yoii t . h e r e  t .hen. 

R e t . i i r n i n g  t.o p r e s e n t .  c o n c e r n s :  my f e e l i n g  i s  t h a t .  The  1 J n i v e r s i t . y  l o s e s  some of 
t h e  c r e d i  t.--and p h l  i c i  t y - - i  t. d e s e r v e s  ahoiit.  t .he Avery-McCart.y DNA f i n d i n g .  T h e  
s i m p l e  f a c t .  i s  t.hat. s e v e r a l  of t h e  next .  d e v e l o p m e n t s  e!wt.cndins a n d  i n t . e r p r e t . i n g  
t .he m e a n i n g  of i t .  occiirred a lmost ,  i i n i n t . e r r i l p t . e d l y  r i g h t .  o n  i t.s campiis. P l e a s e  
permit. me t.o s k e t c h ,  as b r i e f l y  a n d  i m p e r s o n a l  l y  as T c a n  manage ,  what. 1 see as 
t .he h i  st .ory o f  t.hat. rli s c o v e r y  d i i r i  ng  t h e  next .  t e n  years - -1  e a d i  n g  s1ihst.Rnt.i a 1  1 y 
a n d  f a i r l y  d i r e c t . l y - - T  woiild main ta in- - t .o  t h e  w o r k s  of A l f r e d  H e r s h e y  a n d  o f  
.Tames Watson a n d  C r i c k  t.hat. are o f  coiirse q1iit.e w e l l  known.. . . 
A t .  R o c k e f e l  l e r ,  M a c l y n  McCart.y ahoiit.  1946 moved i n t . o  s t . r e p t . o c o c c a 1  disease w o r k ,  
i n  w h i c h  T know h e  a x p l i c i t . l y  hoped a n d  i n t e n d e d  t.o a p p l y  a k n o w l e d z e  of h i s  

Riit .  Mac pnei imococca l  t . r a n s f o r m a t , i o n  work--t.hoiigh i t .  t . i i rned  oiit. d i  f f e r e n t . 1  y .  
cont . in i ied  t.o w r i  t.e or l e c t i i r e  f rom t.ime t.0 t . i m e ,  e x p r e s s i n g  h i s  1 i n d e r s t . a n d i n g  o f  
h a c t . e r i a 1  g e n e t i c s .  

That .  a l l o w e d  m e ,  i n  1 9 4 6 ,  t.o j o i n  D r .  Avery  i n  h i s  last. t w o  y e a r s  p r e - r e t . i r e m e n t . ,  
a n d  1 h e g a n  a c o n c e n t . r a t . i o n  o n  h a c t . e r i a 1  t . r a n s f o r m a t . i o n  w h i c h  cont . in i ied  f o r  ahoilt. 
t h i r t y  years. One f i r s t .  year D r .  H a r r i e t . t .  T a y l o r  cont . in i ied  h e r  work t . h e r e  t.oo, 
t.hen T w a s  e s s e n t i a l l y  a l o n e  i int . i l  ahoiit ,  1 9 5 2 ,  when i n c r e a s i n g  i n t . e r e s t .  hroi ight .  R 

s e r i e s  o f  p o s t . d o c t o r a 1  a n d  st.iirlent. col 1 a h o r a t . o r s .  Thiis t h e  R o c k e f e l  1 e r  1ns t . i  t.1it.e 

g a v b  cont . in i io i i s  s l i p p o r t . ,  a n d  c a n ,  T t . h i n k ,  h e  pleased t .hat. t h e  siihject. n e v e r  l e f t .  
i t . s  o r i g i n a l  home. 

N o w ,  a s h o r t .  d i g e s t .  o f  t.hat. t . o p i c  as i t .  d e v e l o p e d  fo r  t.en years: C e r t . a i n l y ,  t h e  
A v e r y  fi work was "comp1et.e" i n  s i l p p o r t . i n g  i t.s own c l a i m s .  Yet. i t .  p r o v o k e d  
somewhat. p i i z z l e d  i n t . e r e s t .  Rmong h i 0 c h e m i s t . s  a n d  g e n e t . i c i s t . s  ( i n t . F ? r e s t .  t.0 a 
s c i e n t . i s t . ,  o f  coiirse means somet .h in5  1 i k e  " w o r r y "  a n d  "Anxie t .y")  as t.0 i t s  
T e n e r a 1  i t.y a n d  event.iia.1 m e a n i n q s .  Two h r o a d  q i i e s t . i o n s  p r e o c c i i p i e d  t.hem: was i t .  
act.iia1 l v  DNA, a n d  o n l v  DXu'A, v h i c h  c h a n c e d  h a c t , e r i a ? - - a n d ,  what. d o  t .he c h a n q e s  i n  
h a c t . e r i a  h a v e  t.o do wit.h cenet ics ,  i n  par t . i c i i l a r ,  the qe!netic:s n f  other than  cell 
s/irPac:p t r a i t . q ,  a n d  t .hp <enet. ics o f  o t . h e r  t.han h a c t . e r i a ?  Milch h i s t . n r y  h a s  h e e n  
w r i  t . t . en  h y  p e o p l e  t.on yoling t.n h a v e  k n o w n  we1 1 t .hat .  next .  d e c a d e ,  t .he  c o n c e r n s  o f  



hiit. my n o t . e s ,  records a n d  piihl i c a t . i n n s  s a t i s f y  me t.hat. T was moving  prqt. t .y 
d i r e c t . 1 ~  t o  s a t . i s f y  t .hese  h r o a d  and iini f y i n g  q1iest.ion.c;. 

Ry 1 9 5 4  my R o c k e f e l l e r  r e s e a r c h  had shown t.hat. t.he T)NA c o i i l d  h e  qi1ant.i t . a t . ive1y  
f r e e d  o f  p r o t . e i n  a n d  yet .  remain a c t . i v e ,  a n d  t h a t .  i t .  w a s  c h e m i c a l l y  v e r y  s i m i l a r  
t.0 c l a s s i c a l  c a l f  t.hymiis nN4 and yet .  d i f f e r e n t .  from i t .  i n  d e t a i l .  n N A  was shown 
t.o h e h a v e  as a c1~ssicaI array of h a c t . e r i a 1  g e n e s ,  i n c l i i d i n g  t . h o s e  for t . r a i t . s  
o t . h e r  t.han siirface a n t . i g e n s ,  e s p e c i a 1 1 y  f o r  n e w l y  d e r i v e d  speci f i r :  miit .at . ions,  a n d  
were demonst . ra t .ed t.o c o n v e y  c e r t a i n  p a i r s  o f  l i n k e d  g e n e s .  Q1iant.i t .a t . ion o f  c e l l -  
w i  t.h-nNA i n t . e r a c t . i o n  was i n i  t . i a t . ed ,  a n d  st . i idy o f  t h e  mechanism w a s  hegi in .  

T h e s e  fac t s  are a c c e s s i h l e  f o r  yoiir p o s s i h l e  p i i r v i e w ,  i n  a s h o r t . ,  separate 
1 i s t . i n g ;  a l s o  e n c l o s e d  i s  a 1979 h i  Academy pape r  dociiment. ing my e x p e r i e n c e s  a n d  
o t , h e r s '  r e s p o n s e s  t o  t .he Avery  work t h e n  a n d  1at.er. 

Some r e l a t e d  work w a s  g o i n g  o n  d i i r i  n g  t h a t .  decade from ot .her  1 a h o r a t o r i  es--most. 
o f  i t .  d o n e  h y  w o r k e r s  f o r m e r l y  a s s o c i a t . e d  w i t h  nr.  Averg:  C o l i n  MacT,eod, 
Harriet.t. (Taylor) Ephri iss i - -wit .h  some associat.es. T t h i n k  it. i s  f a i r  t.o say t h a t .  
most. o f  t h e  a p p r o a c h  t.o t.he h r o a d  q i i e s t . i o n s  T m e n t i o n e d  w a s  st.i 11 c e n t . e r e d  at. 
R o c k e f e l l e r  d i i r i n g  t h e  decade p r e c e d i n g  Watson a n d  C r i c k .  Ry 1954 o n l y  o n e  
o t h e r  s p e c i  es--Hemophi l i i s  i n f  l i i e n z a e ,  h a d  b e e n  t . r a n s f o r m e d  (Hat.t.i e A1 e x a n d e r ' s  
groiip, at. C o l i i m h i a ) ,  e s s e n t i a l l y  r e p r o d i i c i n g  t h e  A v e r y  f i n d i n g s ,  a n d  some of oiir 

l a t e r  o n e s .  T,at.er of coiirse, o t h e r  species i n c l i i d i n g  Raci 1111s s1iht.i 1 i s  a n d  
event. i ia11 y 3. c o l  i hecame i mport.ant. s i1h jec t . s  f o r  . D N A  t . r a n s f o r m a t , i  on--presi imahl  y 
h e l p e d  h y  a l l  o f  t . h e s e  f irst .  s t i i d i e s .  

What. c a n  t h i s  mean f o r  p r e s e n t .  p o l i c y ?  T t .  d o e s n ' t .  a l t . e r  oiir a n n i v e r s a r y  c e l a -  
h r a t . i o n  of t h e  1943-44 e v e n t s ,  o f  coiirse. Rut. T h e l i e v e  t h a t .  t h e  I J n i v e r s i t . y ,  i n  
i t s  a d m i n i s t . r a t , i v e  a n d  p i i h l i c  r e 1 a t . i o n s  o f f i c e s  ought .  t.o h e  c o n s c i o i i s  o f  a p r i d e  
not .  o n l y  i n  t .he  1944 d i s c o v e r y  o f  D N A  a c t . i v i t . g ,  hiit. also i n  t h e i r  i in in t .e r r i ip t .ed  
siipport. o f  t h e  next. s t .eps  o f  i n t . e g r a t . i o n  of  t h a t .  d i s c o v e r y  i n t o  t .he f a h r i c  of 
c l a s s i c a l  g e n e t i c s .  A t .  some p o i n t s  now a n d  t h e n ,  s i ich a c o n s c i o i i s n e s s  m i g h t  
a f f e c t .  t h e  more p i i h l i c  p o l i c i e s  or st .at .ement.s e m a n a t i n g  from i t . .  My remarks 
n a t , i i r a l  l y  c a n  he c o n s i d e r e d  s e l f - s e r v i n g  as w e l l  as re!port . ing 1 l n i v e r s i t . y  h i s t n r y ,  
hiit. T i n t e n d  t.o k e e p  t.hem wi t .h in  t h e  w a l l s  o f  o i i r  i n s t . i t i i t . i o n .  

T h i s  1et.t.er w a s  prepared h e f o r e  T came t.o New Y o r k  Cit .y f o r  T h a n k s g i v i n g  week,  
hiit. a p h o n e  c a l l  showed me t h a t .  yoii woiild not.  h e  a v a i  1 a h l e  t .hen. T h o p e  w e  c a n  
meet. a n o t . h e r  t . i m e .  May T h a v e  now, yoiir a p p r o v a l  f o r  me t o  s h a r e  t .he  e s s e n c e  of 
t . h i s  1et.t.er a l s o  wit .h nrs. Maclyn McCart.y,  Alec R e a r n ,  and Nort.on T i n d e r ?  I 
1 ' 1 1  a l s o  he a s k i n g  yoiir s e c r e t . a r y  how t.o get. some 1 l n i v e r s i t . y  m a i l i n g s  t.hat. T now 
d o n ' t . .  T w a s  a h i t .  d i s t . r e s s e d  t.o receive n o t . i c e  o f  t.he 50-year c e l e h r a t . i o n  of  
t .he Avery 1 9 4 4  paper  i n  a miilt . igraphe!d form 1et.t.er addressed as " F r i e n d  o f  t .he  
1 l n i v e r s i t . y " .  f , i icki l y ,  N o r t o n  T i n d e r  a l so  wrot.e me ahoiit.  p n s s i h l e  r o i i n d - t . a h l e  
p a r t . i c i p a t . i o n  next .  year. ( r , a s t .  year, T i i n f o r t . i i n a t . e l y  r e c e i v e d  n o  word n o r  n o t i c e  
o f  t .he  o p e n i n s  o f  t .he  new R o c k e f e l l e r  R e s e a r c h  R i i i l d i n g ,  a n d  m i s s e d  t.he o c c a s i o n .  
S i n c e  t .hen,  Merri 1 1  C h a s e  has seen t.o i t ,  t .hat .  T r e c e i v e  t.he News Pr Piot .es - -s t . i l l  
somewhat. i rregii 1 ar 1 y . ) 

S i n c e r e l y  yniirs 



SllbRfARY O F  THE COh'TTNlIATION AT ROCKEFEI,I,ER INSTTT[ITE Dl iRTNG 1946-1954 OF 
DNA TRANSFORMATTON WORK;, FOI,r,OWTFiG A W R Y  a n d  McCARTY ( R o l l  i n  D. H o t , c h k i s s ) - -  

R r i e f l y ,  my R o c k e f e l l e r  r e s e a r c h  showed or i n d i c a t . e d  t.he f o l l o w i n g  broadening 
a n d  g e n e r a l  i z i n g  o f  t .he  c h e m i c a l  and genet.ic imp1 i c q t . i o n s :  

1 .  Qiiant.i t .a t . ive s t , i i d i e s  showed: D N A  c o n t . a i n i n . 3  a h s o 1 i i t . e l y  n o  a n a l y t . i c a 1  l y  
det .ect . ihlFi  p r o t . e i n  w a s  s t , i 1 1  a c t . i v e ;  c r y s t . a 1  1 i n e  D N a s e ,  1 i k e  McCart.y's 
p i i r i  f i e d  e n z y m e  s p e c i  f i c a l  l y  inac t . iva t .ed  t . r a n s f o r m a t . i o n .  T h e s e  t h i n g s  
were e s s e n t . i a 1  l y ,  qi iant . i t .a t . ive c o n f i r m a t . i o n  o f  McCart .y 's  q i ia l  i t .at . ive 
f i n d i n s s .  

e f f i c i e n t  a n d  r e p r o d i i c i h l e  i n  v i t . r o .  

T showed t h e  DNA h a d  t h e  e x p e c t e d  f o i i r  bases, hiit. n o  i i r a c i l  (or RNA); T 
had hegiin t.o show d i  f f e r e n c e s  h e t w e e n  d i  f f e r e n t .  DNA's--t.hoiigh Erwin  
C h a r g a f f  a n d  c o w o r k e r s  s o o n  over t .onk  a n y  p r o g r e s s  T coiild make o n  my own.  
(Tn t.he process, T d i c o v e r e d  t.he f i r s t .  " e x c e p t . i o n a 1 "  D N A  h a s e ,  5- 
met.hyl -cyt.os i n e ,  i n thymiis DNA. ) 

r e s i  s t . a n c e  t . r a i  t.s a n d  iise t .hese t.o i so l  at.e a n d  qiiant.i t,at.e t h e  act.iial 
t . r a n s f o r m e d  c e l  l s ,  m e a s u r i n g  t.ime and  m n c e n t , r a t . i o n  k i n e t . i c . 8 ,  a n d  opt.- 
i m i z a t . i o n .  T h i s  s i i r e l y  h e l p e d  others t.o h e g i n  l M A  t . r a n s f o r m a t . i o n  i n  
o t . h e r  h a c t . e r i a 1  a n d  c e l l  s p e c i e s ,  which h a r d l y  h e g a n  i int . i l  1956-5R 
( w i t h  one e x c e p t i o n ;  see h e l o w ) .  

5. The  c o n n e e t i  o n  of t . ransformat . ion  t.o g e n e t i c s  w a s  shown;  s tepwi se d r u g -  
r e s i s t . a n c e  miit.at.ions were reprodiiced ( t . r a n s f e r r e d )  i n  ident . i  ca1 s t e p s  of 
t , r a n s f o r m a t . i o n  i n d i i c e d  h y  t.he DNA from t.he miit.at,ed bacteria. 

6.  Tndependent .  miitant. p r o p e r t . i e s  were shown t.o he t . r a n s f e r r e d  i n d e p e n d e n t l  y 
(DNA segment .ed)  i n t . o  s e p a r a t . e  r e c i p i e n t .  c e l l s - - - h o w e v e r :  

7.  Ry 1954  w e  showed ( w i t h  t h e  h e l p  o f  , J i i l i i i s  Marmtir) t.hat. two h i o c h e m i c a l l v  
i n d e p e n d e n t .  t.rai t.s were t r a n s f e r r e d  t .oqe t ,her  i nt.o t . r a n s f o r m e d  pnei imococci  
e x h i h i t . i n g  a 1 1  t h e  c h a r a c t . e r i s t . i c s  o f  c l a s s i c a l  g e n e t i c  l i n k a q e .  T h i s  
s i i p p o r t . e d  d i r e c t , l y  t.he i d e a  t h a t .  g e n e s  were j o i n e d  t.o g e n e s  h y  wore DNA-- 
i n 1 o n g  c h a i n s ,  not .  AS "heads"  i nt .err i ipt .ed h y  p r o t . e i  n 1 i n k e r s .  

manni t .ol  p h o s p h a t . e  d e h y d r o g e n a s e ,  was c o n t r o l l e d  h y  A DNA g e n e  which  was 
t . r a n s f e r r a h 1  e i r r e s p e c t . i v e  o f  i t.s indi iced  o r  non- indi iced  R t . A t . e .  

2 .  T h e  t . r a n s f o r m i  n g  syst .em w a s  c o n s i d e r a h l  y s i  mpl i f i ed -and made more 

3 .  D e v e l o p i n g  i n d e p e n d e n t l y  t.he first.  chromat .ographp o f  n i i c l e i c  a c i d  h a s t e s ,  

4 .  Ry 1951 T c o i i l d  r e p o r t .  t r m s f o r m a t . i o n  o f  s e v e r a l  pneiim_ococcal driig- 

8. The  work wit .h  M a r m i i r  a l s o  showed t h a t .  a n  enzyme we c o i i l d  i d e n t i f y  as 

Ot.her  resii 1 t.s showi  n g  iip d i i r i  n g  t.hat. decade from o t . h e r  1 ahoratnri e s  were most.1 y 
t .hose o f  w o r k e r s  f o r m e r l y  a s s o c i a t . e d  w i  t.h D r .  Avery :  C o l i n  hfacT.eod, H a r r i e t t .  
( T a y l o r )  E p h r i i s s i  --w i t,h some associ at.es--or, i n o n e  case , h y  nr .  Hat.t.i e 
A l e x a n d e r ,  at. C o l i i m b i a  M e d i c a l  S c h o o l ,  who wit .h ~ . ~ ~ ~ ) c i a t . f ? s  r . e i d y ,  Zamenhof a n d  
Redman, e s s e n t . i a l 1  y r e p r o d i i c e d  s e v e r a l  o f  t.he A v e r y ,  a n d  oiir 1 at.er, pnei imococcal  
f i n d i n g s  i n  Hemophi l i i s  i n f l i i e n z a e .  Of t . h e s e ,  T f e e l  t h a t .  o n l y  some of H a r r i e t t .  
E p h r i i s s i  ' s  w o r k  at. P a r i s  d i i r i n g  t.hat. decade h o r e  lipon t.he g e n e r a l  q i i e s t . i o n s  
ment.ionerl a h o v e  AS c e n t . e r i n g  at. R o c k e f e l  l e r .  

[Siibseqiient.  t.o 7 9 5 4 ,  t . h o s e  m e n t i o n e d  cont . in i red ,  a n d  more 1 a h o r a t . o r i e s  j o i n e d  a n d  
e x p a n d e d  t .he 1 i n e s  o f  DNA i n v e s t . i g a t . i o n  t.o o t . h e r  h a c t . e r i a 1  s p e c i e s ,  v i r i i s e s ,  a n d  
f i n a l l y  t.o a n i m a l  and p l a n t ,  c e l l s .  A t .  R o c k e f e l l e r ,  t . h o s e  t . a k i n g  part. i n  t .he  
next .  dacada i n  re1at.d work i n c l i i d e  Nort.on Z i n r l e r ,  A l e x a n d e r  Tornasz, .  Roger 
Herri0t.t. and  ,Toshiia I , a d e r h e r s  (when h e  w a s  at. S t . a n f o r d  l i n i v e r s i  t . y ) .  ] 


